Advantages of random regression (RR) test-day models over an approach using 305-day lactation yields are now widely acknowledged. The model for test-day (TD) yields can account more precisely for environmental factors that could affect cows differently during lactation. Random regressions allow for a different shape of lactation curves for each cow. The RR model also allows a cow to be evaluated on the basis of any number of TD records during lactation and it can account for different genetic, permanent environmental and residual variances in the course of lactation.
Advantages of random regression (RR) test-day models over an approach using 305-day lactation yields are now widely acknowledged. The model for test-day (TD) yields can account more precisely for environmental factors that could affect cows differently during lactation. Random regressions allow for a different shape of lactation curves for each cow. The RR model also allows a cow to be evaluated on the basis of any number of TD records during lactation and it can account for different genetic, permanent environmental and residual variances in the course of lactation.
In the Czech Republic the advantages of testday model methodology stimulated an increasing interest in the use of original TD measurements instead of aggregated lactation records and in an implementation of test-day model methodology for the genetic evaluation of cattle. The first step in implementing a routine evaluation with a test-day model is to estimate variance components. Strabel and Misztal (1999) suggested that the estimation of genetic parameters for TD models was much more model dependent in comparison with the lactation model.
The first estimates of variance components for test-day milk yield obtained by RR model were published by Jamrozik and Schaeffer (1997) . Random regressions were used for describing genetic effects only. The further development of the variance component estimation by RR model included model-ling of permanent environmental effect by random regressions (Van der Werf et al., 1998; Olori et al., 1999; Rekaya et al., 1999; Strabel and Misztal, 1999) . Some authors found it important to model the heterogeneity of residual variance across the lactations (Jamrozik and Schaeffer, 1997; Jamrozik et al., 1998; Brotherstone et al., 2000; Jaffrezic et al., 2000) .
Parameters obtained in various models and with various data sets showed great variability in both average values and shapes (Misztal et al., 2000) . The heritability estimates of the first lactation milk yield for particular DIM resulting from RR models ranged between 0.14-0.19 (Strabel and Misztal, 1999) and 0.31-0.51 (Olori et al., 1999) . Some authors reported high heritabilities at the beginning and at eh end of lactation (Jamrozik and Schaeffer, 1997; Olori et al., 1999; Kettunen et al., 2000) . Other authors found the highest heritabilities in the middle of lactation (e.g. Swalve, 1995; Rekaya et al., 1999; Liu et al., 2000; Jakobsen et al., 2002; Druet et al., 2003) .
The objectives of this study were to estimate (co)variance components of the first three lactation data with single-and multiple-trait random regression models and to characterize some genetic aspects of dairy production in the first three lactations of Czech Holsteins.
MATERIAL AND METHODS
Data consisted of TD records on milk, fat and protein yields (kg) from the first three lactations of Holstein breed. They were extracted for cows calving between 1995 and 1999 from the Czech national milk recording database. All traits were required to be recorded on each test-day between 7 to 305 days in milk (DIM). Age of calving was restricted from 660 to 1 000 days in the first, from 1 020 to 1 420 days in the second and from 1 390 to1 840 days in the third lactation. Cows with the second or third lactations had to have all their preceding lactations in the data set. Number of TD records per lactation ranged from 8 to 10. A random selection on herd number was applied to create the final data set. Summary of the data is given in Table 1 . Selected subset of data was assumed to be a representative sample from the respective overall population. The decrease in number of lactations from the first to third calving reflected the structure of the cattle population in the Czech Republic, where cows attained on average 2.6 lactations.
Cows were assigned to one of three subclasses for age at calving within lactation and to one of three seasons of calving (February-April, MaySeptember, October-January). This gave nine subclasses of age-season of calving within lactation. Ancestors of cows in the final data set were traced back in pedigree as far as parents were known. The resulted pedigree file included 44 264 animals.
Two types of analyses were set up. Single-trait model for milk, fat and protein involved threelactation model in which TD yields in the first, second and third lactation were considered as different traits. The multiple-trait model included all the measured traits in the first three parities. The model was assumed to be the same for each parity and trait combination. where: y nkitjl = record l on cow j made on day t within herdtest day effect i, for a cow belonging to subclass k for age and season of calving for parity n HTD ni = fixed herd-test day effect i in parity n β nkm = fixed regression coefficients specific to subclass k in parity n a njm = random regression coefficients specific to animal j in parity n p njm = random regression coefficients specific to permanent environmental (PE) effect of cow j in parity n e nkitjl = residual effect for each observation z tm = covariates associated with DIM, assumed to be same for both fixed and random regressions Third-degree Legendre polynomials (with four coefficients) were used for both the fixed and random regressions on the scale from 7 to 305 DIM. Let p j represent the vector of 12 by 1 (single-trait model) or of 36 by 1 (multiple-trait model) random permanent environmental regression coefficients for cow j with the covariance matrix P. The PE covariance matrix for all cows was I⊗P. For a j the vector of 12 by 1 (single-trait model) or of 36 by 1 (multiple-trait model) random regression coefficients for animal j, the covariance matrix was G. A⊗G was the genetic covariance matrix for all animals with A being the additive relationship matrix. Different residual variances were allowed for different lactations and time periods within lactation, defined as 7 to 45 DIM, 46 to 115 DIM, 116 to 265 DIM and 266 to 305 DIM (Jamrozik et al., 1998) . Residual effects on different DIM were uncorrelated both within and between cows. The model used was a special case of Jamrozik et al. (1998) for the multiple-lactation, multiple-trait scenario.
Bayesian estimation using Gibbs sampling was used to generate variances and covariances from their respective posterior distributions. Blocked sampling with multivariate normal and inverted Wishart distributions was used. For each trait, 55 000 samples were generated and 5 000 burn-in samples were discarded. Estimates of the variance and covariance components were obtained as posterior means of 50 000 samples.
RESULTS AND DISCUSSION
Variances of random regression coefficients for all analysed traits are presented in Table 2 and residual variances are shown in Table 3 . Correlations between genetic random regression coefficients in single-trait models ranged from -0.43 to 0.68. Permanent environmental correlations were in the range from -0.29 to 0.33. In general, correlations were stronger for the genetic component than for the permanent environmental effect, especially for the single-trait analyses. Genetic and permanent environmental correlations in the multiple-trait model were higher than 0.7 for the same coefficients that described different traits. Genetic and PE correlations between the first coefficients represent the correlations between 305-days lactation yields. They will, therefore, be described later in the paper.
Single-and multiple-trait models provided similar estimates of variance components. The resulting estimates of heritabilities, genetic and PE correlations followed the general pattern reported in other studies. The basic differences between results from these two types of models were higher variances and heritabilities estimated by the multiple-trait analysis in comparison with single-trait models (Tables 2 and  4 ). Larger heritability estimates were due to higher values of genetic variances and lower estimates of permanent environmental variances resulting from the multiple-trait model. The multiple-and singletrait models yielded almost the same estimates of residual variances. Further differences between results from different models are reported below.
305-d yield estimates
Variances and heritabilities. Genetic and PE variances were calculated for the whole lactation period from the estimated covariance function coefficients (Jamrozik and Schaeffer, 1997) and they are presented in Table 4 . In general, genetic variances increased with parity. Variances of the PE effect went up substantially between the first and subsequent lactations. The differences between the permanent environmental variances in the second and third lactations were small. Residual variances also increased with parity. Consequently, heritability estimates increased, especially from the second to the third lactation. On the contrary, Rekaya et al. (1999) using repeatability model found heritabilities for milk (0.30; 0.26 and 0.24 for the first, second and third lactation, respectively) and protein (0.28; 0.26 and 0.24 for the first, second and third lactation, respectively) that tended to be lower for later lactations. This was due to a proportionally lower increase in genetic variance with lactation number than in the present study. Using an animal model for aggregated 305-days yields in the first three lactations of Czech Holsteins, Dědková and Wolf (2001) reported almost the same values of heritabilities (0.28-0.30; 0.24-0.25; 0.25-0.27) for milk, fat and protein, respectively.
The highest heritabilities were obtained for milk yield while the lowest heritabilities were found for fat yield. This was in agreement with other studies (e.g. Rekaya et al., 1999; Jakobsen et al., 2002) . Lidauer et al. (2003) published heritabilities of 0.30; 0.22; 0.23 for milk, fat and protein yield in the first lactation, respectively. Jakobsen et al. (2002) reported higher heritabilities (0.42; 0.37; 0.36) for 305-day production of milk, fat and protein in Table 5 contains genetic, PE and residual covariances and correlations between yields calculated on lactation basis for all the analysed traits. The strongest genetic and PE covariances were found between the first and second lactations resulting from single-trait models. The highest genetic correlations obtained by the multiple-trait analysis occurred between the successive lactations (the first and second, the second and third). These values were lower than those estimated by Dědková and Wolf (2001) or Rekaya et al. (1999) .
The divergent trends of yield traits were observed when covariances from single-and multiple-trait Figure 2 . Estimates of variances in lactations -fat yield 
Daily yield estimates
Genetic, PE and residual variances and heritabilities were calculated for particular days in milk ( Jamrozik and Schaeffer, 1997) to demonstrate changes along the lactation trajectory. Estimates of variances are presented in Figures 1, 2, 3 for milk yield, fat yield and protein yield, respectively. Heritabilities are shown in Figures 4, 5, 6 for lactation I, II and III, respectively.
Genetic variances. Generally, genetic variances were high at the beginning and at the end of lactation. The flattest shapes were observed for the first lactation. The lowest values and decreasing trend of genetic variance in early days in milk were noticed for all traits. The rapid increase of genetic variance occurred at the last trimester of the second and third lactation. Genetic variances for fat yield ( Figure 2 ) followed a little different pattern with a stronger decrease at the beginning of lactation.
Several authors e.g. Rekaya et al. (1999) , , Druet et al. (2003) found the highest genetic variance in mid-lactation and lower estimates at the beginning and at the end of lactation. Our results were in line with those obtained by Olori et al. (1999) and Jakobsen et al. (2001) , who reported an increasing genetic variance towards the end of lactation.
Permanent environmental and residual variances. Permanent environmental variances for milk yield (Figure 1 ), fat yield ( Figure 2 ) and protein yield ( Figure 3) were higher than the corresponding genetic variances. The shapes of PE variance curves showed a similar pattern like the shape of genetic variance. The largest differences between the shapes of genetic and permanent environmental variances were in protein yield in the second and third lactations (Figure 3) . In general, residual variances (Figures 1-3 ) decreased with days in milk.
Shapes of PE variance curves obtained in this study were in agreement with Rekaya et al. (1999) and . Permanent environmental and residual variances in their study (summed together) showed higher values at the beginning and at the end of lactation. Decreasing values of Figure 3 . Estimates of variances in lactations -protein yield residual variance throughout the lactation with a slight increase at the end of lactation were found by Druet et al. (2003) . Jakobsen et al. (2002) reported a highly increasing residual variance at the end of lactation.
Heritabilities. Heritabilities for daily yields for particular days in milk are presented in Figures 4, 5, 6 for lactation I, II and III, respectively. They followed shapes similar to genetic variances, with the lowest heritabilities in the early stage of lactation, an increase afterwards, and the highest values at the end of lactation.
Estimates of heritabilities obtained in different studies with random regression models were very heterogeneous (Misztal et al., 2000) , concerning both the magnitude and the shape of heritability curves. Several authors (e.g. Swalve, 1995; Rekaya et al., 1999; Liu et al., 2000; Jakobsen et al., 2002; Druet et al., 2003) observed the highest heritabilities in the middle of lactation and lower heritabilities at the beginning and at the end of lactation. Brotherstone et al. (2000) obtained heritabilities at their lowest during the first 14 days of lactation, stable values during most of lactation, and slightly lower values towards the end of lactation. Similarly, Strabel and Misztal (1999) found that heritability for milk yield was low at the peak of lactation, increased toward the middle lactation, and then dropped to rise again at the end of lactation. Shapes of heritability curves obtained in this study were previously observed for Finnish Ayrshire by Kettunen et al. (2000) . They reported the highest estimates of heritability during early and late lactation. Heritabilities increasing with days in milk were also reported by Olori et al. (1999) .
Values of heritability estimates ranged from 0.13 to 0.52. They showed a wide variability in comparison with other studies. Brotherstone et al. (2000) reported heritabilities ranging from 0.08 to 0.18. Heritabilities found by Druet et al. (2003) were in the range from 0.16 to 0.39. Strabel and Misztal (1999) observed heritabilities for milk (0.16-0.19 and 0.10-0.16 for first and second lactation, respectively), fat (0.11-0.16 and 0.11-0.22 for first and second lactation, respectively) and protein yields (0.10-0.15 and 0.06-0.15 for first and second lactation, respectively).
Contrary to our study, Liu et al. (2000) reported lower heritabilities for later lactations than for the first one, and no evident difference in heritability was observed between the second and third lactation. Guo et al. (2002) showed that the heritability decreased across parities. On the contrary, higher (but lower than in the present study) estimates for all yield traits for the second lactation were obtained by Strabel and Misztal (1999) when compared with first lactation.
Shapes of heritabilities for protein yield and for fat yield showed a similar pattern like those for milk yield but the lowest values of heritability for fat yield were recorded later in lactation (around 100 DIM) than those for milk or protein yield (around 45 DIM). Milk yield had the highest heritability among the three production traits. That was in agreement with Strabel and Misztal (1999) and Liu et al. (2000) .
Covariances and correlations
Estimates of genetic correlations between selected days in milk for milk, fat and protein yields are given in Table 6 . Correlations between yields on days that were close together were higher compared to those for days that were farther apart. Some of the early yields in the second lactation were slightly negatively correlated with daily yields on later DIM. The reason for low values of genetic correlations can be a poorer fit of the function at the beginning and at the end of the second lactation. Jakobsen et al. (2002) found in general that genetic correlations were high between the individual testdays and 305-day production with an exception for the correlation between day 5 and 305 for fat yield. Strabel and Misztal (1999) reported the lowest correlations between TD recorded at the beginning of lactation and at the very end, values around zero were found for second lactation fat yields and first lactation protein yields. Jamrozik and Schaeffer (1997) and Rekaya et al. (1999) obtained negative genetic correlations between yields in early and late lactation when modelling the lactation with parametric curves and not accounting for changes in PE effects during lactation. The lactation curve functions (Wilmink, Ali-Schaeffer and mixed log function) showed an inability to model the association between yields in early and late lactation stages, resulting in negative genetic correlations between the two ends of lactation (Liu et al., 2000) . This problem was also reported by Brotherstone et al. (2000) . recommended using a fourth-degree Legendre polynomial for both the genetic and permanent environmental effects because it seems to fit the genetic and permanent environmental (co)variances successfully.
The genetic and permanent environmental correlations between milk, fat and protein yields calculated on lactation basis from multiple-trait analysis are presented in Table 7 . The genetic correlations between milk yield and protein yield were higher than those between milk and fat yields. Genetic correlations between milk yield in the first lactation and fat and protein yield in the first, second and third lactation along the lactation trajectory are given in Figure 7 . The figures indicated a higher genetic correlation between milk and protein yield than between milk and fat yield. These findings are in agreement with Jamrozik et al. (1998) and Jakobsen et al. (2002) .
CONCLUSIONS
Estimates of genetic parameters for milk, fat and protein yield of Czech Holstein population corresponded to published results for other Holstein breeds. The resulting estimates of (co)variances, heritabilities, genetic and permanent environmental correlations followed the general pattern reported in other studies. (Co)variance components for regression coefficients estimated in this study can be used in random regression test-day model for genetic evaluation of dairy cattle in the Czech Republic. 
